We estimate the modification of quarkonia yields due to different processes in the medium produced in PbPb collisions at LHC energy. The quarkonia and heavy flavour cross sections calculated upto Next to Leading Order (NLO) are used in the study and shadowing corrections are obtained by EPS09 parametrization. A kinetic model is employed which incorporates quarkonia suppression inside QGP, suppression due to hadronic comovers and regeneration from charm pairs. Quarkonia dissociation cross section due to gluon collisions has been considered and the regeneration rate has been obtained using the principle of detailed balance. The modification in quarkonia yields due to collisions with hadronic comovers has been estimated assuming it to be caused by pions. The PACS numbers: 12.38. Mh, 24.85.+p, 
I. INTRODUCTION
with CMS measurements in mid rapidity region (|y Υ | ≤ 2.4).
Many theoretical frameworks have been developed in pre-LHC years for the modification of quarkonia due to different processes. The suppression of quarkonia in QGP are understood in terms of colour screening models e.g. Ref. [1, 15] and alternatively in terms of dissociation of quarkonia by gluon collision process [16, 17] . The statistical models [6, 18] offer estimates of the regeneration of quarkonia from charm quark pairs. The inverse of gluon dissociation process is also used to estimate regeneration [19] . The quarkonia yields in heavy ion collisions are also modified due to non-QGP effects such as shadowing, an effect due to the change of the parton distribution functions inside the nucleus, and dissociation due to hadronic or comover interaction [20] . There have been many recent calculations to explain the LHC results on quarkonia using a combination of above theoretical frameworks and models [21, 22] .
In this paper, we calculate the quarkonia (both J/ψ and Υ) production and suppression in a kinetic model which includes dissociation due to thermal gluons, modification of yield due to change in parton distribution functions inside nucleus and due to collisions with comover hadrons. Regeneration by thermal heavy quark pairs is also taken into account.
Our goal is obtain the nuclear modification factor of quarkonia as a function of transverse momentum and centrality of collision and compare it with experimental data from CMS and ALICE.
II. THE PRODUCTION RATES AND SHADOWING
The production cross sections for heavy quark pairs are calculated to NLO in pQCD using the CTEQ6M parton densities [23, 24] . The central EPS09 parameter set [25] is used to calculate the modifications of the parton densities in PbPb collisions. We use the same set of parameters as that of Ref. [26] with the NLO calculation of Ref. [27] to obtain the exclusivepair rates. The production cross sections for heavy flavor and quarkonia at √ s NN = 2.76 TeV [28] are given in Table I . The number ofpairs in a minimum bias PbPb event is obtained from the per nucleon cross section, σ PbPb , by
At 2.76 TeV, the total PbPb cross section, σ tot PbPb , is 7.65 b [29] . In the kinetic approach [19] , the proper time (τ ) evolution of the quarkonia population N Q is given by the rate equation
where V (τ ) is the volume of the deconfined spatial region and Nis the number of initial heavy quark pairs produced per event depending on the centrality defined by the number of participants N part . The λ D is the dissociation rate obtained by the dissociation cross-section averaged over the momentum distribution of gluons and λ F is the formation rate obtained by the formation cross-section averaged over the momentum distribution of heavy quark pair q andq. ρ g is the density of thermal gluons. The number of quarkonia at freeze-out time τ f is given by the solution of Eq. (2) as
Here N PbPb Q (p T ) is the number of initially produced quarkonia (including shadowing factor)
as a function of p T and S(p T ) is their survival probability from gluon collisions at freeze-out time τ f and is written as
The temperature T (τ ) and the QGP fraction f (τ ) evolve from initial time τ 0 to freeze-out time τ f due to expansion of QGP. The initial temperature and the evolution is dependent
is the number of regenerated quarkonia per event and is given by
The nuclear modification factor (R AA ) can be written as
Here R(p T ) is the shadowing factor. R AA as a function of collision centrality, including the regeneration will be
Here p T Cut defines the p T range as per the experimental measurements. N pp Q (p T ) is the unmodified p T distribution of quarkonia obtained by NLO calculations which is scaled to a particular centrality (N part ) of PbPb collisions.
The evolution of the system for each centrality of collision is governed by an isentropical cylindrical expansion with volume element
where a T =0.1c 2 fm −1 is the transverse acceleration [21] . The initial transverse size, R as a function of centrality is obtained as
where R 0−5% = 0.92 R Pb ; R Pb being the radius of the Pb nucleus.
The evolution of entropy density for each centrality is obtained by entropy conservation
The equation of state obtained by Lattice QCD along with hadronic resonance gas [30] is used to obtain the temperature as a function of proper time τ . The initial entropy density for each centrality is calculated using
Measured values of
as a function of N part [31] are used in the calculations. The initial entropy density s(τ 0 )| 0−5% for 0-5% centrality is obtained as
Here a m is a constant which relates the total entropy with the multiplicity. It is obtained from hydrodynamic calculations [32] . QGP fraction in case of lattice EOS governs number of degrees of freedom decided by entropy density. It is fixed to 1 above an entropy density corresponding to a 2-flavour QGP and fixed to zero below entropy density for a hot resonance gas. The freeze out temperature in all cases is T f = 0.140 GeV.
A. Dissociation Rate
In colour dipole approximation, the gluon dissociation cross section as function of gluon energy q 0 in the quarkonium rest frame is given by [16] 
where ǫ 0 is the quarkonia binding energy and m q is the charm/bottom quark mass and
The values of ǫ 0 are taken as 0.64 and 1.10 GeV for ground states J/ψ and Υ(1S), respectively [33] . For excited state of bottomonia (Υ(2S)) we use dissociation cross section from Ref. [34] . 
Using this relation, σ D (q 0 (s)) can be obtained which we write as σ D (s) where s can be
where M Q and p are mass and momentum of quarkonium and θ is angle between the quarkonium and the gluon.
We can calculate dissociation rate as a function of quarkonium momentum by integrating the dissociation cross-section on thermal gluon momentum distribution f g (p g ) as
The relative velocity v rel between the quarkonium and the gluon is given by
The gluon dissociation rates of J/ψ as a function of temperature are shown in Fig. 3(a) and as a function of transverse momentum in Fig. 3(b) . The dissociation rate increases with temperature due to increase in gluon density. The dissociation rate is maximum when quarkonium is at rest and decreases with its (transverse) momentum. 
B. Formation Rate
We can calculate formation cross section from dissociation cross section using detailed balance relation [19, 35] as
The formation rate of quarkonium with momentum p can be written as
Here f q/q (p) are taken as thermal distribution function of q/q which are normalized to one as per f q (p)d 3 p = 1. v rel is relative velocity betweenuark pair and is given by
Here 
IV. EFFECT OF HADRONIC COMOVERS
The suppression of quarkonia by comoving pions can be calculated by folding the quarkonium-pion dissociation cross section σ I over thermal pion distributions [36] . It is expected that at LHC energies, the cross-section of comover suppression will be small [37] .
We take 1 mb cross-section for both J/ψ and Υ states. The dissociation rate λ Dπ can be written as where f π (p, T ) is taken as the thermal pion distribution and the pion density ρ π is given by Similar cold nuclear matter effects are assumed for both ALICE and CMS rapidity ranges.
The survival probability from pion collisions at freeze-out time τ f is written as
The hadronic fraction (1-f (τ )) is zero in QGP phase. The probability S π (p T ) is used along with S(p T ) term in Eq. (6). We have also calculated R AA as a function of centrality of collisions (system size). Figure 6 (a) shows different contributions of J/ψ nuclear modification factor as a function of system size along with the measurements by ALICE [12] . Figure 6 (b) shows the same for p T ≥ 6.5 GeV/c, measured by CMS experiment [10] . Figure 6 (a) indicates that J/ψ's are increasingly suppressed when system size grows. Since the number of regenerated J/ψ's also grows, the nuclear modification factor remains flat for most of the centrality range.
V. RESULTS AND DISCUSSION
Our model calculations seems to overestimate the suppression in the most peripheral data.
The centrality dependence of R AA of J/ψ by CMS is well described by the model. Most of the contribution to CMS data comes from J/ψ p T between 6.5 and 10 GeV/c where the suppression seems to be due to gluon dissociation process. Figure 7 (a) demonstrates contribution of different processes in the centrality dependence of Υ(1S) nuclear modification factor along with the data measured in mid rapidity by CMS experiment [14] and in forward rapidity by ALICE experiment [38] . The calculations underestimate the suppression but reproduce the shape of centrality dependence. The may be due to the feed down effects from the excited states. TeV. At low p T , regeneration of J/ψ is the dominant process and this seems to be the process for the enhancement of J/ψ in the ALICE low p T data. The gluon suppression is also substantial at low p T and becomes small as we move to high p T . Both of these processes (regeneration and dissociation) due to the presence of QGP are affecting the yields of quarkonia in low and intermediate p T . The high p T suppression (p T > 10 GeV/c) of J/ψ measured by CMS is far more than expected due to the dissociation by gluons in QGP.
The centrality dependence of nuclear modification indicates that J/ψ's are increasingly suppressed when system size grows. Since the number of regenerated J/ψ's also grows, the nuclear modification factor in case of low p T measurements (ALICE case) remains flat for most of the centrality regions. The centrality dependence of R AA of high p T J/ψ is also well described by the model. The centrality dependence of suppression of Υ states are reproduced by model calculations. Feed down corrections seems to important for Υ(1S).
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